55 32 B 4 ) 7N b} Bt S Vol.32,No. 4
2011 4F4 A ENVIRONMENTAL SCIENCE Apr. 2011

2008 BRIz G REZMEIEFRXKSFAMREREMN

R B L XF A 32

X780, I, 25, FERRAT

(P EFBF R KR E 5 BT LAPC,JEET 100029)

FEE N R R IS TG Y5 i B bt b DX ASURE B O Ve B R vk B AR Ak R A B = B e R R, T 2008-08-08 ~ 2008-
10-07 HA], 76 b E RL 5 B KW B 58 0T 325 m S5 000 55 B 30 009 7 20 #5 B TOUGE P 9 it R 9% K7 (TEOM) S K8l ) %k
REAL (APS) 7E £k 52 Bl W0 dk J0RE 49y o dk ok 32 R 4300 B ) B 45 5 b TR 05 W RE R HY SPLIT #0308 A58 =X X U 47 1) e U8 0 A2 g ot
FEHEAT TR, 45 R R W], R iz 1 1H) b 5t R AUURE W L A0 R 1 BT R VR B (PM, 5 B PM, ) SE XM 40 0 D (2301 £ 1.6)
pgem CHI(55.5 £7.3) pegem 7 AR BLAE B ) 43 B B AIG 18. 2% AN 16. 0% , Hb AR IR FE % i 143 0 RIS 22. 3% AN 18. 0% ;1 B2
0 T HEL 4L B0 (PN, B PN, ) S BIE S A (15 = 1) 4> em 7 HI(3 138 £567) 4>+ em 7, oAl B2 B 109 40 1) 6 A1
23.4% F1 27. 5% , LbAE Y545 0 16 30 23 SRR AR 29. 5% F1 34. 3% . WL 3 1] X530 AR S 38 B T 1 d B9 K 5 S0k i B & kB A
Bk BEAEAE BB AR AR G FR  TB25 [ VA 43 B 25 3 s | IR A0 A G B RT LA e A L O e vk R N ROk B AR AR 42% F S53%
T XU FAT 1 d % R TR D00 T LA fft R AL ok YR B AR 800 P A8 1k 1) 21 % 1 39% 5 WL I 9 ] b ot KAL) = B2 AR A R
JREE B A P B S (O F - A W = I R W i s 7 NG B YA A1 7 950 4 R BT e [ A K G P NG W i R VA A
SN TE B, BT b 5 i X ASOREAE T~ 32 Ry bl e 4 o1 7 24000 52 DRI T YL i 3% (R AE . KT L W0 498 [ 0 4 58 FR Y Bk 1
2 LA B R H ARG TR 2 S o JORE ) e A U 8 i R b 9 el R XS A 3% D 555 D) O 7 REL AR VR B W R A
et M A (DX B I e O R B i 0 R] O B s AR A A R A

SRR RAUMOR Y 5 BRIR B BORE; XEURHE; KRR

FENES X513 XEIRIZE. A XEHS:0250-3301(2011)04-0913-11

Particle Mass Concentrations and Size Distribution During and After the Beijing

Olympic Games

LIU Zi-rui, SUN Yang, LI Liang, WANG Yue-si
(LAPC, Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract ; To study the variance characteristics of particle mass and number concentration during and after the Beijing Olympic Games,
on-line measurements of particle mass and number concentration were conducted on the rooftop of a two-story building near the 325 m
meteorological observation tower in the courtyard of the Institute of Atmospheric Physics during 2008-08-08 - 2008- 10-07 by using
TEOM and APS. Sources and transportation of atmospheric particles during the experiment were discussed with surface meteorology data
and backward trajectories calculated using HYSPLIT model. It had been found that the average mass concentration of PM,, ,, and
PM, ; were (23.1+1.6) p,g-m’3 and (55.5+7.3) p,g-m’3 during the Olympic time, which were 18.2% and 16.0% lower than
non-Olympic time, and 22.3% and 18.0% lower than non-Source control time. In Olympic time, average number concentration of
PN, ,and PN, ., were (15 +1) ecm and (3 138 £567) c¢cm *

29.5% and 34.3% lower than non-Source control time. According to the correlation analysis result of particle matter and

, which were 23.4% and 27.5% lower than non-Olympic time, and
meteorological factors, there were significant linear relationships between wind speed, relative humidity and precipitation of prior day
and particle mass and number concentrations, stepwise regression analysis showed that 42% and 53% of the variance in mass and
number concentration of fine particle were both accounted for wind speed and relative humility, while 21% and 39% of the variance in
mass and number concentration of coarse particle were both accounted for wind speed and precipitation of prior day. For the entire
period, 46% of total air masses came from regions south of Beijing like Baoding and Shijiazhuang and were favor to increase both the
mass and number concentration of fine particles, whereas air masses transported from the north and near north regions had a great effect
on scavenging both fine and coarse particles in Beijing, indicating coarse particles mostly came from local sources and fine particles
mainly influenced by regional transport in Beijing. According to the comparative analysis result of two accumulation-diffusion processes,

meteorological factors were only the causes of particle mass and number fluctuations, while the significant decrease of coarse and fine
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particles concentrations were mainly contributed to weaker emission of particles from local sources and weaker transport from regional

area around Beijing, suggesting synchronous emission abatement of six provinces and cities of North China is the main factor that

ensured the excellent air quality during the Olympic Games.

Key words ; particulate matter; mass concentration; number concentration; regional emission abatement; meteorological factor
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Fig. 1 Temporal variation of meteorological parameters and particle mass and number concentrations
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Table 1 PM daily average mass and number concentration during the Olympic and non-Olympic periods, i-test results,

and the reduction in the PM mass and number concentration
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Table 2 PM daily average mass and number concentration during the source control and non-source control periods, i-test results,

and the reduction in the PM mass and number concentration
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PM,,/pgem ™ 80.0(5.5) 21.4  176.3 99.2(17.9) 22.0  235.9  <0.001 19.2 19.5
PM, /PM,, 0.68(0.01) 0.49  0.82 0.67(0.03) 0.41 0.95 0. 03 -0.02 -2.3
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Fig.2  Monthly PM,; mass concentration of August,

September and October, 2000-2009, Beijing
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Table 3 Spearman correlation coefficient between particle mass and number concentration and meteorological variables
(wind speed, precipitation, relative humidity and temperature )
B it H PNos a5 PNy s 10,0 PM, s PM, 5 1 PM,,

SCT(n =44) -0.26 -0.20 -0.21 -0.24 -0.23

R NSCT(n=17) -0.48 -0.56" -0.48" -0.59" -0.54"
Total(n =61) -0.40" -0.45" -0.37" -0.47" -0.42"
SCT(n =44) 0.19 -0.05 0. 09 -0.21 0.02

4 35) NSCT(n=17) 0.25 0.07 0.27 0.16 0.25
Total(n =61) 0.18 -0.02 0.12 -0.06 0.08
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Total(n =61) 0.51™ 0.32° 0.49 ™ 0.21 0.44™
SCT(n =44) 0.63 ™ 0.40" 0.60 ™ 0.26 0.56 ™

AR BE (A A 45 . . . "

BERT ) NSCT(n=17) 0.75™ 0.77" 0.78 0.69 "™ 0.79 ™
Total(n =61) 0.65" 0.56 ™ 0.66 " 0.49 ™ 0.65™
SCT(n =44) 0. 08 -0.05 0.13 0. 00 0.11

1t JE NSCT(n=17) 0.48 " 0.38 0.45 0.35 0.44
Total(n =61) -0.02 -0.13 0. 05 -0.07 0.01

1) % £ p<0.05, =35 p<0.01
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BREREMBIRENZMERE
Table 4  Coefficients of linear regressions between particle mass

and number concentrations versus meteorological variables

¥ x a b R p  SEE
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PN, 510 N
(n=61) AR 0.01

i — KW -0.01
PM, 5 AEXE 1.15 0.01 0.42 0.002 0.22
(n=61) R -0.26
PM, 5 10 A 1.67 -0.29 0.21 0.049 0.23
(n=61) i — R -0.01
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Fig.3 Particle mass concentration and number concentration in each wind direction during source control time and non-source control time
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Fig. 6  Air mass backward trajectories during particle accumulation period and diffusion period in process 1 and process 2

© asgL ¥=(0.52+0.05)x+(23.09+6.15) (2) TR
g r=0.64,p <0001, N=144
& 200 [ oo . .
% .
=
=% .,
1% sl
# . J
0 B2 o !

1 1 1
0 50 100 150 200 250 300
3= (0.63 £ 0.05)x + (25.76 % 6.87)

‘T’ - A A
g 250 r=0.64,p<0.001, N=192 ‘ia
2 200 - LA e
g 150 Ty ’
E 100 ’
1 ‘
= 50

0 bamedt 4 | an aa |4 s 4 ) ]

0 50 100 150 200 250 300

A KA PM2.s/pg-m>

B7 MRSHELRBITRMARE PM, /N REHEXESH
Fig. 7 Linear relationship between Beijing and Shijiazhuang of

hourly average PM, 5 in process 1 and process 2

2S5 Won TRl 1 ML RE 2 POk T VR
PO R, Nl LA M SRR 1, i
2 ORI MR BE W 2 b Ot O Al kL B A R R R
B 4y BT 17, 5% 131, 2% i HLRF He ]
ThE e, B Ak R Houk B 4y o BT 59. 7% AN
40.6% . [FFENTG Y, R 1 9 PM, ,/PM ;N
0.75, M iEFE 2 WA 0. 61, B FAR Fad 7 1, 72 2
FEURL 76 K AR b L A9 1 8 25 T B U 4 11
5 e ik 5 S TR ) 1 T2 DR R R AR . DAY
IR 2R B, db 5 KRR F 1 R EHE R A 2k,
2R BRBEUR R AR SRR e A Tl TS 4 21
HEC 0 i B 2 e Ak 2 N TR R, A R TR R £
BS R AL | Bl b 55 OB F 19 A4 B, — UKL T 7E 4R T
B 13 BAET R R b 5 B 2 AR Y
FEORE. PR RaE WAL EELITT 6



922 % i

B % 32 %

KA LA OT S PR b a2 OB . AR AT 5 1) 45 2
K Ik BT A St 7R AR R R b AR TR
{1 Jr R DAL T Aol 75 32 oy b 90547 ) 14 KL AL 5 St
R R RIVRR A JBE A 3 AR 5 T X T AR, A A
P BRI T AR A RN R R e UKL ) i 2 AR
T B A, DT X SURE 4y ik J8E A8 ™ AR E B I {E

e 1 BORL Y ) R B AR T R 2, i
Yy SRR AR 32 95 Y HE S o by O 9 00 954 o B Bt
B S i DX AU HE R (B AR I T2
DX I 75 G 52 0 B4 240 AL 1, B o 30 1) H v B K B
F AR S A mt KR N4 (LX) S ) Bk 1] D6 HE
A G

£5 MR I1IMTE2 BEYRERENECRE N ELRR (RRER

Table 5 PM hourly average mass and number concentration during processl and process 2, t-test results, and the reduction in

the PM mass and number concentration
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